Background: Iron deficiency is the most prevalent nutritional deficiency in adolescent girls from the developing world. One of the recommended interventions to improve iron status in adolescent girls is iron supplementation. Yet the provision of iron supplements to adolescent girls proved to be a challenging task for the health systems across the developing world. Objective: The objective of the study was to examine means of reaching adolescent girls for iron supplementation in Northern Ethiopia. Methodology: Analytical cross-sectional study consisting of both quantitative and qualitative approaches to data collection and analysis was used in this study. Stratified multi-stage systematic random sampling technique was adopted and primary quantitative data were collected from 828 (578 school attending and 250 non school attending) adolescent girls recruited from nine districts of Tigray. The primary quantitative data were analyzed using SPSS version 20 software. The qualitative data collected through key informant interviews and focus group discussions were transcribed verbatim and qualitatively analyzed. Results: The mean (SD) age of the girls was 16.7 (1.4) years. Four hundred forty seven (54%), 355 (42.9%) and 26 (3.1%) of the adolescent girls had low, medium and high diet diversity scores, respectively. More than half, 467 (56%), of the adolescent girls believed that adolescent girls were overloaded with household jobs everyday compared to boys from their respective communities. Key informants said that, there is no adolescent nutrition message promoted in the study area. Low community awareness, perceiving iron tablet as a contraceptive, religious and cultural influences, and lack of confidence in supplementation value of iron tablets, are some of the potential barriers mentioned by the key informant and focus group discussion participants. Schools (45%), health centers (27%) and health posts (26%) were the preferred public facilities for provision of iron supplements to student adolescent girls whereas schools (11%), health centers (47%) and health posts (41%) were the preferred public facilities for provision of iron supplements to adolescent girls who were not attending schools from the study communities. Conclusion: The health posts and health centers were the preferred health facilities for iron supplementation to adolescent girls who were not attending schools while the school was the preferred facility for iron supplementation of student adolescent girls.
Introduction
Adolescence, the time period between 10 and 19 years of age, is characterized by rapid growth and development. It is a period in the human life cycle when up to 45% of skeletal growth and 15% to 25% of adult height is achieved [1] and up to 37% of total bone mass is Study design: Analytical cross-sectional study that quantitatively and qualitatively explored the means of iron supplementation to adolescent girls.
Inclusion criteria: 15-19 years old adolescent girls were included. Exclusion criteria: 15-19 years old student adolescent girls who were seriously ill, pregnant, married, had children and absent from school during the data collection period and 15-19 years old out of school adolescent girls who were seriously ill and pregnant during the data collection period were excluded.
Sample size determination: The minimum sample size required for the study was determined using the single population formula (n = Z 2 1´α{2 P(1´P)/d 2 ). Taking the iron folic acid supplementation coverage of 50% for maximum sample size, 95% confidence interval, 5% of margin of error, design effect of 2 and a 10% of non-response rate yielded a final sample size of 847.
Sampling technique: To have an effective coverage, the study was made to cover the different agro-climatic zones of the Tigray region, Northern Ethiopia. Stratified multi-stage systematic random sampling technique was adopted. One district with a high (or preparatory) school was selected by simple random sampling from each zone. When more than two schools exist in a given district, one school was selected randomly. From each selected district, two catchment kebelles of the school were selected randomly after the kebelles were stratified into rural and urban kebelles. A total of 66 adolescents (22 adolescent girls who were not students and 44 student adolescent girls) were selected from each kebelle by systematic random sampling. The land or kebelle registration book (for non student adolescents) and school roster (for student adolescent girls) were used as frames for systematically selecting the study subjects.
Data collection: Both quantitative and qualitative approaches to data collection and analysis were used. Primary quantitative data were collected by mainly a survey of 828 adolescent girls. Pretested, structured questionnaire consisting of several sections was used for data collection. The questionnaire was made to capture data pertaining to the socio economic and demographic characteristics, water and sanitation and nutrition. The questionnaire was developed in English and then translated into Tigrigna, the local language. However, the data extracted from the Tigrigna version of the questionnaire was translated back in to English for analysis and write up. The questionnaire was administered by trained and experienced interviewers who speak the local language. In order to supplement and triangulate the information that was gathered and analyzed quantitatively, the survey made use of qualitative approach (focus group discussion and key informant interviews) to data collection and analysis. A total of nine focus group discussions (FGDs) were conducted and in each focus group discussion, 8-10 adolescent girls were included. Individual key informant interviews were conducted with health extension and district women affairs workers, female school teachers, female students, school directors, cluster supervisors of health extension workers, health development workers, and district maternal and child health officers. Views from adolescent girls and key informants on the need and importance of addressing adolescent nutrition, iron supplementation, appropriate distribution channels of iron supplementation for adolescent girls, possible challenges in providing iron supplementation to adolescent girls and roles of the various stakeholders on improving the iron status of adolescent girls from the study communities were explored using the qualitative approach. The qualitative data were captured using field notes. These field notes were transcribed verbatim and translated into English. The moderators and field note takers during the qualitative data collection were the researchers. Before the start of the actual data collection, the facilitators of the interview and discussions were trained on the purpose of the study, contents of the questionnaire and interview guides, interviewing methods, confidentiality, interpersonal communications and other relevant issues to the study. During the training, data collectors were assessed for their interviewing skills and understanding of the contents of the questionnaire and interview guides.
Dietary Diversity Score (DDS): dietary diversity score was collected using the 24 h recall method and calculated as the sum of the number of different food groups consumed by the girls in the 24 h prior to the assessment. Each food group was counted only once resulting in a possible score of 0 to 9. The DDS was categorized into low dietary diversity (ď3 food groups), medium dietary diversity (4-6 food groups) and high dietary diversity (7-9 food groups) [36] .
Data management and analysis: Data were coded and cleaned before entering into a computer. Following the coding and cleaning, data were entered into a computer for statistical analysis using SPSS version 20 (SPSS Inc., Chicago, IL, USA). Statistical analysis was combined with qualitative description and analysis. The data analysis was made to focus on univariate frequency tables and bivariate cross tabulations that identify important relationships between variables. Respondents were categorized into school going and non school going based on their current schooling status. Information that was collected through key informant (KI) interviews and FGD was transcribed, translated and categorized in themes. Finally, the data were interpreted in terms of their programmatic implications. Transcripts were compared with the detailed notes taken to verify the accuracy of the transcription.
Ethical consideration: Ethical clearance was obtained from the Institutional Review Board (IRB) of the College of Health Sciences of Mekelle University. Confidentiality on candidate's information was maintained. Permission from the Regional Health Bureau and local government offices were obtained before the commencement of the study. At each of the selected study site, the local administrator in-charge was informed for consent before the commencement of the study. The purpose, general content and nature of the study were explained to each respondent to obtain verbal consent before inclusion into the study.
Results

Socio Demographic Characteristics
Eight hundred and forty seven participants were invited into the study and the response rate was 97.8%. Orthodox Christianity was the dominant religion of the adolescent girls from the study communities, 789 (95%). A significant proportion of adolescent girls, 250 (30%) were not attending school at the time of data collection. More than half, 467 (56%), of the adolescent girls believed that girls were overloaded with routine household activities compared to boys from their respective communities. Early marriage was amongst the harmful traditional practices reported by 13% of the adolescent girls (Table 1) . 
Health Services Provision/Utilization
The majority of the girls, 750 (91%), did not use family planning services. However, adolescent girls who utilized the services reported that they walk for an average of 52 min to get family planning services from the nearby health facilities. Treatment during illnesses, 506 (61.3%), health education, 576 (69.6%), immunization, 491 (59.5%), reproductive health services, 506 (61.3%), de-worming, 176 (21.3%) and supplementation, 274 (33.4%) were reported to be the health services provided by the nearby health facilities. The most commonly utilized health facilities for adolescent family planning services were the health centers, 71 (91%).
Water and Sanitary Conditions
The average time spent to fetch water for domestic consumption was reported to be 30 min. Burial or burning and collection by private establishments were reported to be the preferred methods of disposing waste in 46% and 37% of the households, respectively. Dumping on a street, nearby river or open space was practiced by 7.4% of the households. The majority of the households (90%) had an improved water source (tap water, hand pumps, protected springs or protected wells) and about one third (34%) of the households of the adolescent girls walk for more than 30 min to get water for domestic use. However, large proportions (84%) of the households do not treat their water to make it safer. Improved latrine (flush toilet or pit latrine with floor/slab) was available in 82% of the adolescent girls' households. Soap was the most common sanitizing agent used for hand washing after using a toilet by the majority (65%) of the households.
Dietary Diversity Score (DDS)
The diet diversity score was calculated by simply summing the number of different food groups consumed within 24 h prior to the date of data collection. Six hundred and one (72.6%), 346 (41.8%), 264 (31.9%) and 134 (16.2%) of the adolescent girls reported that they consumed legumes, dark green leafy vegetables, other vitamin A rich fruits and vegetables and other fruits and vegetables, respectively with in 24 h prior to the survey. The consumption of meat, poultry and fish, which are good sources of bio-available iron, was also low. The mean DDS of the adolescent girls was found to be 3.5. About 447 (54%), 355 (42.9%) and 26 (3.1%) of the adolescent girls had low, medium and high diet diversity scores, respectively (Table 2) . Mean diet diversity score 3.5
Nutrition
Slightly above a third, 304 (37%), of the adolescent girls were aware that iron deficiency anemia could be prevented by iron supplementation through accessible facilities especially health systems and schools. Large proportion, 682 (82%) of the adolescent girls perceived that they were not anemic at the time of data collection. Fatigue (42%) and listlessness (36%) were the most commonly reported symptoms of anaemia. The consumption of iron rich foods was indicated as one of the best remedies for anaemia in adolescent girls. The low intake of fruits and vegetables and dairy products were amongst the poor dietary practices of adolescent girls from the study communities. Significant proportion of the adolescent girls (96%) believed that adolescent girls need to be targeted for nutrition. Schools (45%), health centers (27%) and health posts (26%) were the preferred public facilities for provision of iron supplements to school going adolescent girls. Similarly, schools (11%), health centers (47%) and health posts (41%) were the preferred public facilities for provision of iron supplements to non school going adolescent girls from the study communities (Table 3 ).
Qualitative Study Findings
The adolescent girls expressed their perceptions regarding the roles of the various stakeholders on improving the iron status of adolescent girls from the study communities. According to the focus group discussants, the various stakeholders at different levels need to take account of the current status of iron deficiency anemia in adolescent girls and do their level best to improve iron nutrition through the involvement of the various actors at different levels. The adolescent girls identified schools, health facilities, local government offices, community leaders and peers as stakeholders to improve nutritional status of adolescent girls and facilitate the provision of iron supplementation in their respective communities (Table 4) . Key informants recommended that adolescent nutrition must be incorporated into the school curriculum and call for the establishment of school clinics and girl's nutrition clubs and the inclusion of debates about adolescent nutrition and the importance of iron supplementation to adolescent girls in biology and other relevant courses. The adolescents also indicated that the support from home and family members had an influence on their compliance to iron supplementation. Moreover, the adolescent girls have indicated that the local government offices and community leaders could have a role to play in supporting the iron supplementation efforts to improve the iron status of adolescent girls.
The adolescent girls reported that lack of awareness; wrong perception about iron tablets (viewed as contraceptive which leads to infertility); perceived feeling of illness due to the association between tablets and illness; intake of tablets without diagnosis for deficiency of iron and doubt in the interventions were the potential barriers for iron supplementation in adolescent girls from the study communities. Among the barriers identified from the key informant interviews and focus group discussions were low community awareness, scepticism in the intervention, rejection of intake by the family, perceptions associated with the tablet as a cause of infertility, lack of courage to take tablets while healthy, beliefs that iron tablets increase bleeding during menstruation, side effects, association of taking supplements for an extended period with Anti Retroviral Therapy (ART) regimen and humiliation from male students for taking iron supplements.
On the other hand, the potential facilitators for the acceptability of iron supplementation to adolescents were provision of adequate counseling and training to adolescents and families, women association, women league, religious leaders and women development armies; diagnostic testing and provision of iron tablets for anemic adolescents; adequate supply of iron tablets in the nearby health facilities and schools and training of teachers especially female teachers on the importance of iron nutrition, consequences of iron deficiency and iron supplementation.
The well organized bottom up (kebelle to district) political structure; the easy accessibility and availability of schools and health facilities; availability of professionals such as teachers and health extension workers (HEWs); the organization of women in various institutions such as women development armies, the women league, women affairs group, women association and youth association; access to media especially radio and TV and increased school enrollment rate of girls were mentioned as the potential facilitators of the implementation of iron supplementation at various levels.
Death, fatigue and tiredness were mentioned as the consequences of anemia by the adolescent girls included in the study. Amongst the fading away perceptions that used to influence priority behaviors that affect the nutritional status of adolescent girls were heavy work load, food taboos like the avoidance of egg (believed to block sexual organs of girls), animal products (enhance growth and early maturation), ground nut (increases sexual interest) and hot drinks such as tea (believed to enhance growth and increase blood loss during menstruation in girls) and gender preferences where males are given priority as males are believed to be more susceptible to malnutrition.
Discussion
Schools (45%) were the preferred public facilities for provision of iron supplements to school going adolescent girls. Different studies have shown school-based iron and folic acid supplementation to be a feasible and effective intervention to prevent a decline in hemoglobin and reduce the prevalence of iron deficiency anemia in adolescent girls. A study from the Philippines reported that weekly iron supplements given by teachers had sustained the hemoglobin concentration of schoolchildren and school teachers were able to give children the iron tablets with a high level of compliance [37] . School teachers from Mali gave weekly iron tablets to their students for 10 weeks and achieved 90% coverage that resulted in a 17% reduction in anemia prevalence [38] . School based studies from Bolivia [39] and Malaysia [40] have shown similar benefits of iron supplements for children. Another study from Peru have shown that iron supplementation through the school system were efficacious in preventing iron deficiency, increasing hemoglobin concentrations and reducing anemia in adolescent girls [41] . Alternatively, the health facilities specifically the health centers (47%) and health posts (41%) were the preferred public facilities for provision of iron supplements to non school going adolescent girls from the study communities. Studies have indicated that health facilities were also efficient facilities to reach adolescent girls for iron supplementation [42] . This evidence suggests that the use of schools and health facilities (health centers and health posts) as the administration channels could serve as the most feasible and effective means of reaching school going and non school going adolescent girls for iron supplementation from our study communities, respectively.
Although iron supplementation will increase hemoglobin concentration, increase iron stores and reduce anemia in adolescent girls, the positive effect on iron status will be temporary if the diets do not contain adequate bioavailable iron. Dietary diversity which is the number of foods groups over a reference period commonly in the 24 h prior to the data collection period is widely recognized as a key dimension of diet quality in individuals and households. Diet diversity is strongly associated with nutrient adequacy [43] . Our results showed that the mean DDS was 3.5. About 54%, 43% and only 3% of the adolescent girls had low, medium and high diet diversity scores, respectively suggesting that low quality monotonous diets were the norm for adolescent girls from the study communities. Their diets were dominated by cereal based staple foods but lacked vegetables, fruits and animal-source foods aggravating the risks for a range of micronutrient deficiencies including iron. Fruits aren't good sources of iron. They are, however, a good source of ascorbic acid which facilitates absorption of nonheme iron. Fruits, vegetables and animal source foods are expensive and that is why the consumption of these foods was poor by the adolescent girls from the study communities. This will help explain why supplementation is an option to address iron deficiency in adolescent girls from the study communities. Our results suggested that there is a good case for iron supplementation to adolescent girls through the schools and health facilities as the intake of foods with adequate bioavailable iron was minimal in the adolescent girls from the study communities.
Schools were identified as the best places to provide counseling and education on the need for iron supplementation by the adolescent girls. Thus, sustained counseling and education should be given about iron and its advantages for adolescent girls in the schools and the schools should take the responsibility to provide iron supplements to their students on regular intervals. Similarly, the schools must serve as platforms for health professionals and teachers to discuss nutrition and health issues of adolescent girls. Schools should educate their students to clarify misinformation about iron supplements. There are perceptions within the community that iron supplements are taken not to correct iron deficiency but as contraceptive pills. The incorporation of adolescent nutrition into the school curriculum would require decent knowledge on nutrition from the teachers and the health sector in collaboration with the education sector should organize trainings to teachers on such critical and essential topics. Moreover, the nutrition issues of adolescents can be discussed in the mini media and essential messages communicated to students prior to the singing of National Anthem in the morning.
Health facilities were also identified as another potential platform for iron supplementation to adolescent girls during the qualitative data collection. The health facilities could supply iron tablets, follow up the implementation of iron supplementation and provide health education on iron nutrition and the consequences of iron deficiency to adolescent girls. Moreover, health facilities could support the iron supplementation efforts through diagnosis of iron deficiency when adolescents visit health facilities and lead the iron supplementation efforts and provision of health education on the safety and possible side effects of the intervention.
The various actors especially local government offices, family members and community leaders could play a role in supporting the iron supplementation efforts to adolescent girls. Consistent encouragement and follow up of family members would ensure compliance with iron supplementation by adolescent girls. Education and counseling need to be given to the immediate family members on the need for iron supplementation for adolescent girls. Good parental knowledge about iron nutrition and its consequences would encourage girls to use iron tablets. The local government offices can easily make iron nutrition and supplementation as a timely and topical issue in their respective localities for community mobilization, awareness creation at the community level and ensuring the full participation of the women development armies to supporting the iron supplementation to adolescent girls. Involvement of community and religious leaders can also influence the community through various approaches such as churches and mosques. Peers were also mentioned as influential concerning iron supplementation use in adolescent girls. Easy adopters can greatly influence others for iron supplementation in adolescent girls who attend, and girls who do not attend, school, suggesting that peers could serve as motivators, supporters and educators for improved behavior towards iron supplementation during adolescence.
The use of mixed approaches of data collection (quantitative and qualitative), random selection of the communities and participants and use of large sample size were the strengths of this study. The findings from the qualitative study have provided a deep understanding for the potential barriers and facilitators of iron supplementation in both the adolescent girls who were going to school and the girls who were not going to school that would not be achieved through quantitative studies. One of the limitations of the study could be the voluntary participation of the girls as it might have made room for exclusion of the experiences of those who did not wish to participate in the study for any reason.
Conclusions
In conclusion, adolescence provides an opportunity to prepare for a healthy reproductive life. Through iron supplementation during adolescence, the adolescent girls can enter pregnancy without iron nutritional problems originated in the past and with no serious iron deficiency handicaps. Considering the quite long lasting effects of iron deficiency and the biological and operational feasibility and the effectiveness of the intervention, correction of iron deficiency in adolescent girls through iron supplementation through appropriate channels is critical. In this study, the health posts and health centers were identified as the best distribution channels for iron supplementation to adolescent girls who were not attending school while the school systems were identified to be the preferred means of reaching school adolescent girls for iron supplementation.
